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Our Goal and Charge

* Our Goal: Develop a mission concept and technology

development requirements for the first scientific robotic
exploration mission to an exoplanet

g
. A

F 4 .

<, be creative, and have
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Status as of Aug 2017

. - e iy ® AR o
» Study effort kicked off on'April 13

» 9 of 10 planned‘topic areas covered so far (full list next page)
 NEW: Technieal Interchange meeting with Breakthrough Starshot on Sept. 7

* Multi-center team*established, including academia and independent
Institutions
« JPL, ARC, GRC, MSFC, Glenn, APL, Boston U., Wesleyan, SETI, 3 consultants
» Great support from 7x, including John Callas, Eric Mamajek, and Phil Willems
 Full team list in backup

« Paper on our findings has been accepted to the Tennessee Valley
Interstellar Workshop (Oct. 2018)

* Rep. Culberson plans to attend

=
Pre-Decisional Information -- For Planning and Discussion ‘

o Purposes Only © 2017 California Instigte of Technology. .
. a 2 Government sponsorship acknowledaed.




Session

Topics Covered

Topic
Kickoff

Mission Objectives

Science Objectives

Target Selection and Expected Apriori Target Knowledge

Interstellar and Exoplanet Environment

Instrumentation

Communication

Propulsion

O N|OfL]|PHITWIN]|EK

Power

[EEY
o

Navigation

iR

IOperations/Autenemy-Ran out of time

[HEY
N

Wrap-Up
v - L Ye Y, Y 50 e

. Pre-Decisional Information x For Planning and Discussion

. Purposés Only © 7017 California Institute of Technology.

Government sponsorship acknowledaed. -




Key Finding

* In response:to an-early driving questron

- What makes this mission compelllng (i terms of smence return) W|th
respect to what we will be able m a.few decad with near-Earth
Iargetelescopes enormous spacér ased |nterfer t'érs and/or a

. mission to the So]ar Gravrty Lens Focus‘> '«.;_{.‘

‘. A SN R .;_ -
The team determrned that-"‘ >R pfwha We trad”rttpnally learned
| NissionsMmIl begleaned from future near-

LF Ie%tvrng one brg

Earth telescopes ¢)
scrence goal: .

- n :.‘ - T. ."

To confirm‘and ch aracterrze Irfe
N . Pre-Decisional Information -- For Planning and Discussion

: Purposes Only © 2‘01? California Institute of Technology.

Government sponsorshio acknowledaed.




To Confirm and Characterize Life

 This objective was profound and drove the study architecture

. Bl@Slgnatures (as we know them today) cannot confirm I|fe

~+ Recent papef? showed how Proxima Centauri Be.fa in it’s star’s habltable zone, could
have an 02 atmosphere but no pOSSJblllty of life due to masswa selar wind exposure

S -‘ . ri"‘ -

* The only2 method today of confqrmmg Ilfe IS to Iand s’ample

-+ This drives.the mISSIOh to at Leas-t slgw do’wn and most prgb a"bly to brake and orbit to
performianding S|te°select|9n-and de_bld alander, WhICh in turn severely limits our

“khow.propulsion options 14 - © RS
«. This does not. preclude pr, c lta'E'Xplorethe mterstellar medium
(ISM) and/-or validate ) e

-, Exploration of the ISMiis & € /' or o'the ex-oplanet mission.in ordet 1o Better
er orm system de5|gn

- x . B .
€ f ature St %tralfcature‘s Of Coﬁnd O4 Resultlng From Abiotic O2/03 Production,
g AstrophysmalJournaI LeUers 819:L88, 2016, doi:10.3847/2041%8 1/L.13 AR .
2Aside form seeing lights turmng on and off m*i‘nages 6r ETlcuntact » ' .
) « Pre-Decisional Information -- For Plannlng and Discussion
. Purposes Only © 7017 California Institute of Technology.
Government sponsorshio acknowledaed.



Intelligent Life?

- A Solar Gravity Lens mission with 10 km |mag|ng resolution could pIau5|ny detect
artificial illumination, if present.- '

- However, the exoplanet may’ be a World Where there IS not yet advanced

intelligent life to produce electric, Irght .

« Intelligent life capable of producrng Irghtd'r i .srgnals structurfes;( only recently appeared
on the Earth and so there is a low chance delng life in that

. Those technologles have only existed onEarth for'about 100y r’é. So for the Earth,
advanced.intelligent life'has only-ngen detectable ona World v‘ﬁ
fOr 1 part In 5 m|II|on (~2x10 7) TS

th etarted at- Ieast 3.5BY ago the presence of

free O2 in the Earth’ S atrnpspne 3 a pc erttga"lngr] -SiQ| Ionature) has been present for

ecisional Infd

less than 1°BY. . ' Purposes Only©2‘017 Caln‘ornralnstrtute of Technology:

Government sponsorship acknowledaed.

‘a measurable bio- -signature .

4



Target Selection - 1

- With over 3000 candidates to select from today, and thousands more
in thé future, selectlon criteria for choosn‘Tg ‘the target onplanet will-be

important A

. \ : 2N '-:. v
. These Crlterla will evotve wlth ourﬁﬁderstandmg‘ézrﬂfe and habltablllty
. o 3 ; u } " .
. The exoplanet cha'ractenzatle 2 Ie'

,.,4..

"0' : : ’
rEec o meet the crlterla the

o

A

'. Pre- DeC|s1ona| IﬁerMatlon For Planmng and Discussion .
. Purposes Only © 2‘017 California Institute of Technology. " 8
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Target Seleotion -2

» Given our knowledge today the foIIovvlng target seIectlon
criteria were suggested

. Exoplanets that are in thelr sun’ s-ﬁa&fable"z'one :

* Exoplanets with. masses >.Mars mass (rocky pIanets%t,h_a decent chance for
.an atmosphere) S Tl e ’:Z*; o
. Exoplanets that experlence |‘ouh'l 3 e soiar radlatlon as our Earth

| | p et plus at Iea,st 1 pixel |mage of
L e

! ge) b )

R

. The current age andiexp
have had a chan € (

.‘ » - t‘\. . . “
. Pre-Decisional lhformatlon For Planmng and Dlscussmn .
e Purposes Only © 2017 California Institute of Technology. e 9
Government sponsorshio acknowledaed. -



Science Objectlves

. Ultimate objectives will be determlned by Decadal Survey and NASA
© “Working Groups TRL A ..’}. - . .. . ;

- S
. ﬂ D‘emﬁon&i Lﬂf allon Fo[ Plannlng and Discussion .
: 3 Purposes OnIy © 17 California Institute of Technology. - > T s~ 10

Government sponsorship acknowledaed.” _ -



Instrumentation

- First.3 categories can be achieved wrth mostly the same |nstrumentat|on (similar
« ,to Voyager, with infermed measurement requlrements) ™

.‘ l .
. . .

» Science objectlves mvolvmg the. solar system of the target star,are numerous and
“involve the typical basic reconnarssa'lf g[!;haracterlzatloq gyja,ctlves that missions

In'the solar system.have had . -

. Composrtron and mapprng atmosm(aeres "mopns

rrngs dust %tenolds/ comets, refinements
of size ana mass spin, rates etc :

’ .
‘ o' ..

L0 -. N
. SC|ence objectlves mvolvr et\ean mclude‘ many of the basic
categories listed above S ry -
« -An orbiting mlssron cany and oceans
« A key mission requu:e 1€ a:actenze life, WhiCh requwes to be developed
life detection experr .

. Pre- Decrs10na| Iananatlon For Plannrng and Dlscussmn .
: Purposes Only © 2017 California Institute of Technology. " 11
Government sponsorshio acknowledaed. .



Mission Concept Archltecture Hrghlrghts . W

» 2-stage light sall for propulsion .

+ Eastest propulsion technology development path .
* ,Only option that doesn't require massive on-board power A -
* Lasers at Earth can be |mproved over rmssron hfetrme- ; Focs ar
» 2.5-m on-board lasercomm System Pt N . A, |
- +.100-m lightbuckets in spaces r et /i ;'j,gj
¢ Onboard power to.4 kW for 100 brts/sec down;ﬁnk' ! .'é-?': e
ey o
" NS YT R
. Autonomous on-boaid nevrgat-ron B L st
- Required due to one-Way Ilght trmes- years: ... ‘ : ,' \‘.

- Proven on Deep lmpact
- NEW: on-board autononr10 S Nise
setectron ard executr B

. Very advanced RTGs aneh

» Pu-238-based or Americimes LR

_» Would.love to have aseactor, but e e amhw%mt therétoday for 70 yr mission
- F5re Decrslonat Iﬁforrhatlon For Plannrng and Drscussron

: Purposes Only © 2017 California Institute of Technology. ey T 12
Government sponsorshio acknowledaed. ‘ -
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Key Mission Concept Requirements - 1

1. The flight time to the target must be < 50 years pendlng conflrmatlon of a
smtable target , e ol o R

. Rationale: The mission must be polltlcally and humanly palatable o
o . » ( ’ .
2. There shall be meanlngful scrence"atq?n at Ieast ev'sr)decade en route to
the'exoplanet. .« - o B .

*- Rationale: There srroutd be’ amt sren c?nducted durlng tli’fj-i'ght to the exoplanet to
keep the SC|ence congm'unrty engaged L A

. 3 .‘.o’ '. ™ .‘\

3 The prlmary Ob]eCtIV'e. R ‘e"te conflrm and characterlze
life at the exoplanet el Y ‘

. Ratlonale Per NAS . $er how the unrverse Works explore

how it began and ev e on planets. around other stars
| S T2
.:. Pre- Decrs‘lonat Ianrfhatlon For Plannrng and Dlscuseron .
: Purposes Only©2‘017 California Institute of Technology. e 14

Government sponsorshio acknowledaed. i



Key Mission Concept Requirements - 2g !

4. The threshold data shall arrive at Earth W|th1n <7O yrs from launch

- *Rationale: The threshold data must come back wrthm the professNanaI lifetime of
‘'someone born around Iaunch this person can grow up learning about the mission and
be inspired by it, and eventuaIIy Jan the team anel be ready to mterpret the data when it

comes back to Earth N Ot :,‘fq“
| = b 'f j-«

5. The first bit-of exoplanet smence d'ata shall arrlve at,l'r:at"th 5 =10 yrs after

exoplanet arrlval Ay i L R Q-‘ i

5 Earth -

. Ratlonale If the sp ” raftis travell alo iacnon ofthe Speed of light (O 1-
et target must be N 157 fEarth (50 yr travel time and 10 - 20

. Pre- DecSIonat Iﬁerrhatlon For Plannlng and Dlscussrbn
: Purposes Only © 2017 California Institute of Technology.
Government sponsorshio acknowledaed.
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Key |\/|ISSIOn Concept Requwements

7. Per_the 100th anniversary of Apollo thelaunch date shaII be no Iater.than
. JLﬂy 15, 2069 : ot s ,-.-,;(.“..-., 4 A

. Ratlonale Rep. Cu#be.rson,Wh’e |s g.champ-ﬁ)n of@'n mterstellar m|§%lon propbsed thlsl
et

A

' £ ‘t:':y‘-“.'h‘ WIRL PR "
D'lecm 1’3 G!IOQ - For Planning ‘and Discussion - Y .
Bo‘ses @nly © 2017 C.allforma Instrtute of Technology. - 2 ' ., 16
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Key Mission Concept Assumptions | |
 The exoplanet target has been previously observed and resolved 1000x1000 px|
or to 1 pxl with promising bio-signature lines
« We will have an idea of which instruments to bring and their perforn‘pecifications
« We will have TBD accuracy on the ephemeris ’

* We are not Constralned to today’s technology, but there shall be a reasonable,
the needed technology

rying to stay away from "and a miracle occurs...’

Pre-Decisional Information -- For Planning and Discussion
Purposes Only © 2017 California Institute of Technology.
Government sponsorship acknowledaed.
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Team@ember Discipline Org Email

Stacy@Veinstein-Weiss |Lead JPL Stacy.S.Weinstein-Weiss@jpl.nasa.gov

MarcRayman MissionEngineering JPL Marc.D.Rayman@jpl.nasa.gov

PhilWillems Exoplanets JPL Phillip.A.Willems@jpl.nasa.gov

Les@ohnson Propulsion NASABMSFC [les.johnson@nasa.gov

TimMcElrath Navigation JPL Timothy.P.Mcelrath@jpl.nasa.gov ' " *
Meravi@pher ISMBcience Boston mopher@bu.edu

SethRedfield ISMBcience WWENEYELD sredfield@wesleyan.edu

Robert@hotwell 7XThiefEng JPL robert.f.shotwell@jpl.nasa.gov

RalphMcNutt Interstellar@Physicist APL Ralph.McNutt@jhuapl.edu ®._
Tupperfyde MissionEng/BystemsBnalysis NASARGSFC  [tupper.hyde@nasa.gov ) ‘
John@Brophy Propulsion JPL john.r.brophy@jpl.nasa.gov oy
LeonAlkalai Strategic@®lanning JPL leon.alkalai@jpl.nasa.gov . L -
NitinRArora Mission@esign JPL Nitin.Arora@jpl.nasa.gov ) X
SlavalTuryshev Astrometry JPL turyshev@jpl.nasa.gov

Mike@hao Astrometry JPL michael.shao@jpl.nasa.gov

Abi@Biswas Laser@omm JPL Abhijit.Biswas@jpl.nasa.gov

Dave@Voerner Power JPL david.f.woerner@jpl.nasa.gpv

InsooRlun Environments JPL Insoo.Jun@jpl.nasa.gov . ;

Hoppy®rice SystemiEngineering JPL humphrey.w.price@jpl.nasa.gov

JohnBkok ResourcefUtilization ARC/BETI john.r.skok@nasa.gov . Pre-De;Cisional Inforrr.lation eSS
Ruslan@elikov Exoplanets ARC ruslan.belikov-1@nasa.gov *  Planning and Discussion Purposes Only X
DougfTaldwell Exoplanets ARC/BETI douglas.caldwell@nasa.gov ' © 2017 California Institute of -
Jen@Blank Astrobiology/Anstrumentation e jennifer.g.blank@nasa.gov Technology. Government sponsorship
CarolBtoker LifeAnExtremeEnvironments ARC carol.r.stoker@nasa.gov acknowledged.

Eduardo@Bendek Exoplanethar.@nstrumentation |ARC eduardo.a.bendek@nasa.gov .

JohnXallas Exoplanets®ffice JPL John.L.Callas@jpl.nasa.gov :
Robert#Frisbee Advanced@®ropulsion JPLAret.) frisbeedrbob@aol.com

EricBMamajek EXEP@eputy@ProgramBcientist JPL Eric.Mamajek@jpl.nasa.gov -

LouFriedman MissionBArchitecture JPLHconsultantlouisfriedman@gmail.com .

Samuel@Harrison Student ISU samuel.m.harrison@nasa.gov '
GaryBennett PowerZnd@Propulsion Consultant useresg4282@aol.com 2 18
Robertiataldo Power NASA@lenn |robert.l.cataldo@nasa.eov
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